tioal absorption of copper to be the basic biochemical defect of All the cultures were grown in 12 ml completed media in 75 MKHD. Later, investigation demonstrated that the uptake of cm2 plastic culture flasks (Corning, NY) and incubated in a copper from the intestinal lumen into the mucosal-cells is not humidified environment of 5% C02 at 37OC. Completed medium impaired in MKHD patients (12, 13). This was confirmed by consisted of Eagle's minimum essentiaI medium with Hank's observations in the model system of cultured MKHD fibroblasts balanced salt solution (HBSS; GIBCO, Grand Island, Ny) sup (8) Based on the cultured fibroblasts system and in vivo studies h e plemented with 10% fetal calf serum (ISI, Cary, IL), 1% antibioticprimary defect of the disease is postulated to be the failure of antimycotic solution (100 U/ml Penicillin, 250 ng/rnl Fungizone, extracellular transport (efflux) of copper from the cells (8, 13). 100 ng/ml Streptomycin) (ISI), and adjusted to a pH of 7.2 with Evans et 01. (16) demonstrated that cadmium and zinc were able 7.5% sodium bicarbonate solution (ISI). to antagonize copper metabolism by displacing copper from the Approximately seven days were required for the cells to grow sulfhydryl binding sites of a low molecular weight cysteine rich to confluent monolayers. Confluent cultures were subcultured by metalloprotein-metallothionein. Consequently, Evans (15) sug-trypsinization in a 1:3 ratio (19). Medium was changed every three gested that metallothionein functions in the transport of metals days. Only confluent cultures with a passage number between 6 to such as copper and zinc. Mutation in metallothionein will there-13 were used for experiments. fore lead to altered copper homeostasis. In 1974, Garnica et al.
temporary storage of trace metals such as zinc and wpper (15) etc. Metallothionein is an inducible protein. It hai been demonstrated to be inducible in the livers of rats (29), rabbits (23), mice (24), chickens (36), kidney (29) and intestine (32) of rats by cadmium administration.
Abnormality in the rnetallothionein system in MKHD may be in its structure or inducibility. A previous report indicated metallothioneins isolated from MKHD liver demonstrate lower copper affinity than normal hepatic metallothioneins (9). The experiments rewrted in this article examine and comnare the induction of rn~tallothionein in MKHD and normal ceils by copper and cadSpeculation mium. (14) . Instead of staining after electrophoresis, the gel columns were frozen in dry ice, and were cut into 1 mm thick slices with a gel slicer (Bio-Rad, Richmond, CA). Gel slices were dissolved by incubating one slice with 0.5 rnl of 30% hydrogen peroxide (Fisher, Pittsburg, PA), at 50°C for four hours in a glass vial (39). Capability of both copper and cadmium to induce the synthesis of metallothionein in both normal and MKHD cultured fibroblasts were examined b incubating the cultures in media contain-J ing both "Cu and L-1 S) cysteine or '%d and L-[35S] cysteine at 3 7 ' C . The radio active quantities added to 10 rnl of medium were 34 pCi for '14Cu, 4 fiCi for I N , and 7.5 pCi for L-[""S] cysteine which corresponded to concentrations of 5.5 pg/ml, 5.5 ng/rnl and 0.2 nmoie/ml of copper, cadmium and cysteine, respectively. The amount of Y u added to the medium was high because of the, very short half-life (12.9 hours) of the isotope. A higher dose of Lcysteine than lo9Cd was used to ensure sufficient incorporatd radioactivity into any newly synthesized metallothionein. The characteristic high cysteine content ofmeiallothionein enables the utilization of ~-[35Sj cysteine incorporation as an indicator of de novo metalIothionein synthesis (32). The cultures were incubated for 1, 3, 5,7 and 10 hour periods at 37OC.. After withdrawing the radioactive medium, the cells were washed twice with 5 ml of calcium-magnesium free phosphate buffered saline and trypsinized. The cells were harvested with 2 ml of distilled water and the flask was rinsed twice with 1.5 ml of water. The 5 ml aqueous cell suspensions were pooled, and the cells lysed by freezing and thawing thrice. Protein content of the cell lysate was determined by the method of Lowry et al. (20) . One ml of the cell lysate was counted for 35S. Another ml was counted for T u or IwCd.
Electrophoresis was done with 0.2 ml of cell lysate. The gel columns after electrophoresis were sIicd, first counted for WCu or 'OBCd and then dissolvd and counted for 35S.
RESULTS
Metallothionein has a very high cysteine content. Thus, the concurrent L-["'SI-cysteine and metal incorporated radioactivity peak was used as an indication of metal induced meta1lothionein Cells were incubated at 37'C with medium containing 0.2 nmote L-[TI cysteine/ml. They were harvested at I, 3, 5,7, and 10 hour periods, and lysed by freezing and thawing thrice. MKHD fibroblasts was reported to be I5 pg/ml medium, and for normal fibroblasts it was well above 15 pg/rnl medium (8). Thus the medium copper concentrarion used in this study (5.5 &ml medium) was well below the cytotoxicity level of the element for both MKHD and normal fibroblasts. This was also confirmed by observation of normal morphology of both control and MKHD cells at the end of the tenth hour. To show the results more clearly, the percent change of incorporated "Cu and L-[36S]-cysteine radioactivity with respect to the first hour incorporation was calculated. The rsuits are presented in Figure 2 . Graph A is the induction profile for normal cultures, and graph B is the induction profde for MKHD cultures. From the graph, it is obvious that both normal and MKHD cells showed a distinct L-[35S]-cysteine incorporation peak. The incorporation pattern of uCu is not as clear as that of L-[mS]-cysteine.t Incorporation of wCu tended to be still increasing at the end of the study perid. However, both normal and MKHD cells exhibited a relative 'lqCu incorporation peak at the fifth hour. The T u and L-[35S]-cysteine peaks coin-
